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ABSTRACT
This overview of multiple micronutrients during pregnancy and
lactation emphasizes 2 relatively neglected issues. The first is that
maternal micronutrient status in the periconceptional period, and
throughout pregnancy and lactation, should be viewed as a contin-
uum; too often these 3 stages are treated and discussed separately
from both a scientific and a public health perspective. Iron and
vitamin B-12 are included as examples to stress how status at con-
ception affects maternal, fetal, and infant status and health until the
child is weaned. The second issue is that while most attention has
been focused on a few micronutrients, for example iron and folate as
discussed elsewhere in this Supplement, multiple micronutrient de-
ficiencies occur simultaneously when diets are poor. Some of these
deserve more attention as causes of poor pregnancy outcome, in-
cluding other B vitamin deficiencies that result in homocysteinemia,
antioxidants, vitamin D, and iodine. In lactation, maternal status or
intake of the B vitamins (except folate), vitamin A, selenium and
iodine strongly affect the amount of these nutrients secreted in breast
milk. This can result in the infant consuming substantially less than
the recommended amounts and further depleting stores that were low
at birth. While the optimal mode of meeting recommended micro-
nutrient intakes is an adequate diet, in some situations supplemen-
tation is also important. Unfortunately, information is lacking on the
optimal formulation of micronutrient supplements for pregnant
women, and the need to continue these supplements during lactation
is not recognized in many situations where maternal and infant
health could benefit. Am J Clin Nutr 2005;81(suppl):
1206S–12S.
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INTRODUCTION

Adequate maternal micronutrient status is especially critical
during pregnancy and lactation. In this overview, we draw atten-
tion to micronutrient issues that are sometimes neglected in the
context of pregnancy and lactation. One of these is the impor-
tance of recognizing the continuum of maternal micronutrient
status from the periconceptional period through lactation, and of
fetal and infant dependency on adequate maternal status through
this time. Another is the fact that multiple micronutrient defi-
ciencies are likely to be present in many situations, some of
which have been insufficiently appreciated as contributors to
poor pregnancy outcomes and infant development.

The main cause of multiple micronutrient deficiencies is a
poor quality diet, often due to an inadequate intake of animal
source foods (ASF) especially in developing countries. Women

who avoid meat and/or milk in wealthier regions of the world are
also at higher risk of micronutrient depletion during pregnancy
and lactation. Gene polymorphisms can also cause micronutrient
deficiencies through impaired absorption or altered metabolism.
This usually results in suboptimal maternal status of single nu-
trients. One example is folate, where maternal polymorphisms
may increase the risk of neural tube defects unless dietary intake
of the vitamin is sufficient. In some diets high in unrefined grains
and legumes the amount of nutrients consumed may be adequate,
but dietary constituents, such as phytates and polyphenols, limit
their absorption. Diseases such as malaria, and infection with
intestinal parasites, also impair status and alter the metabolism of
multiple micronutrients. Finally, in pregnancy and/or lactation,
the requirements for most nutrients are higher, increasing the risk
of inadequate intake.

Several micronutrient deficiencies are well established to be
contributors to abnormal prenatal development and/or preg-
nancy outcome. These include folate, iron, and iodine deficien-
cies. Less well recognized for their importance are deficiencies
of B-vitamins (and subsequently elevated plasma homocysteine
concentrations), vitamin D, and iodine. Additional research is
needed to establish adverse effects of poor maternal vitamin A
and zinc status in pregnancy. Evidence is accumulating that ma-
ternal antioxidant status is important to prevent abnormal preg-
nancy outcomes. In lactation, maternal status of these same mi-
cronutrients (except zinc) affects their concentrations in breast
milk. Little attention has been paid to the adverse consequences
of micronutrient depletion on maternal health and function dur-
ing this period.

IRON DEFICIENCY AND ANEMIA

The importance of adequate iron status in pregnancy is em-
phasized elsewhere in this Supplement. Here, iron is discussed as
an example of the need for adequate maternal status of a micro-
nutrient from conception through lactation. Though there is still
some controversy concerning the optimal stage of pregnancy at
which to begin iron supplementation, several studies have now
shown that iron stores at conception are a strong predictor of
maternal iron status and risk of anemia in later pregnancy (1, 2).
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Maternal iron deficiency early in pregnancy has been hypothe-
sized to predict the risk of preterm delivery, based on the fact that
risk of conditions such as preeclampsia and premature delivery
can be predicted based on hormone concentrations established by
mid-pregnancy (3, 4). Also it is very difficult to replenish de-
pleted iron stores once pregnancy is in progress. For example,
Swedish women who were not taking iron supplements had vir-
tually no iron remaining in their bone marrow by late pregnancy,
compared with 35% of those who consumed 100 mg of iron daily
from 16 wk of gestation (5).

One reviewer of the evidence concluded a few years ago that
there was insufficient evidence to establish causality between
maternal iron status or anemia, and low birth weight or preterm
delivery, due to the inadequate number of adequately designed
investigations (6). One severe limitation to adequately designing
iron intervention studies in pregnancy has been the exclusion of
women with anemia at baseline, and/or lack of a placebo group,
due to ethical concerns. Using an innovative approach to limit
this problem, Cogswell et al conducted an intervention in Cleve-
land that provided 30 mg iron daily from �20 wk to 28 wk of
gestation. A placebo group was included because women found
to have a hemoglobin concentration �100 g/L or ferritin �20
�g/L at 28 wk or 38 wk of gestation were supplemented with iron
(7). Iron supplementation from enrollment through 28 wk of
gestation did not affect the prevalence of anemia but increased
birth weight by 206 g and lowered the incidence of low birth
weight infants from 17% to 4%. Preterm delivery incidence was
not affected, perhaps because supplementation was not started
early enough in pregnancy (4). This intervention should be rep-
licated in other populations.

While fetal iron status has been assumed to be relatively in-
dependent of maternal status during pregnancy, it is becoming
clear that maternal iron status strongly affects the iron stores of
the infant at birth. In Indonesia, De Pee et al observed that,
compared with a normal birth weight infant born to a mother
without anemia, a similar infant born to an anemic mother had a
1.8 times greater risk of developing anemia by 3 to 5 mo of age
(8). The highest prevalence of anemia at 3 to 5 mo occurred in low
birth weight infants whose mothers were anemic during preg-
nancy, with an odds ratio of 3.7 compared with normal birth
weight infants born to nonanemic mothers. A substantial num-
ber of both observational (9, 10) and iron intervention (5, 11,
12) trials support this relation between infant and maternal
iron status.

Another neglected problem is that women are often iron-
depleted postpartum. Even for women in the United States who
were enrolled in the Women, Infants, and Children (WIC) pro-
gram, postpartum anemia occurred in 27% overall and in 48% of
non-Hispanic blacks. The risk of postpartum anemia was greatest
in those who were anemic in pregnancy; 49% of women who
were anemic in trimester 3 developed anemia postpartum com-
pared with 21% who were nonanemic (13). Anemia postpartum
is associated with increased risk of postpartum depression (14).

These examples demonstrate that steps should be taken to
ensure that maternal iron status is adequate early in pregnancy,
throughout pregnancy and during the postpartum period. Inade-
quate attention has been paid to the problem of risk of iron
deficiency in infants born to iron depleted mothers and to ma-
ternal iron status postpartum.

B-VITAMIN DEFICIENCIES AND HOMOCYSTEINEMIA
IN PREGNANCY

The importance of adequate maternal folate status in the
periconceptional period is discussed elsewhere in this Supple-
ment. There is increasing interest in the fact that homocysteine-
mia is associated with a greater risk of adverse pregnancy out-
comes. Deficiencies of folate, riboflavin, vitamin B-6, or vitamin
B-12 lead to elevated plasma homocysteine (Hcy) concentra-
tions. In a retrospective study of 5883 Norwegian women and
their 14 492 infants there was a strong association between cur-
rent Hcy concentrations and previous adverse pregnancy out-
comes (15). Women in the highest versus the lowest quartile of
plasma Hcy had a history of substantially more placental abrup-
tion, still-births, very low birth weight and preterm deliveries,
preeclampsia, and club-foot and neural tube defects in their off-
spring. In a group of 93 Spanish women and their infants, fetal
cord plasma Hcy concentration and birth weight were related to
maternal plasma Hcy concentration before conception and
throughout pregnancy (16). Women in the highest tertile of
plasma Hcy at 2 mo of pregnancy had a 3.26 times greater risk of
their infant being born in the lowest weight tertile. These odds
increased to a 4 times greater risk for women in the highest Hcy
tertile at labor, such that their infants weighed 228 g less than
those born to mothers in the low and medium Hcy tertiles.

Folic acid supplementation of women in Spain significantly
enhanced the physiologic reduction in plasma Hcy that occurs
during pregnancy, when the supplements were provided dur-
ing the 2nd and 3rd trimesters (17). Plasma Hcy appears to
respond to supplementation with folic acid up to about 500 to
600 �g of folic acid per day. In addition to poor B vitamin
status, other risk factors for elevated plasma Hcy include a
high intake of coffee, smoking, and no use of vitamin supple-
ments during pregnancy (15).

More attention needs to be paid to vitamin B-12 status of
women during pregnancy and lactation. It has become apparent
that there is a high global prevalence of low plasma vitamin B-12
concentrations in infants, children, and adults. For example, a
recent review of available data from Latin America revealed that
at least 40% of individuals in all age groups studied had low
plasma vitamin B-12 (18). Other reports of a high prevalence of
vitamin B-12 deficiency include those from Indian adults (19),
Kenyan schoolers (20), and pregnant women in Nepal (21). The
cause of these low plasma vitamin B-12 concentrations is most
likely low dietary intake of the vitamin. While it is commonly
believed that only strict vegetarians (vegans) are at substantial
risk of developing vitamin B-12 deficiency, several studies have
revealed that even lacto-ovo vegetarians (22), or individuals who
consume low amounts of meat (23), have lower plasma vitamin
B-12 and are at greater risk of vitamin B-12 deficiency compared
with omnivores. Apart from studies on folate, there are few data
on the relation between the B vitamin status of pregnant women
in and risk of adverse pregnancy outcomes. Urban Nepali preg-
nant women had a 65% prevalence of low plasma B-12, with
deficiency associated with higher plasma Hcy and a doubling of
risk of preeclampsia and preterm delivery (21). In poor rural
pregnant Nepali women the prevalence of low erythrocyte ribo-
flavin concentrations was 89%, of low plasma vitamin B-6, 80%,
and of low plasma vitamin B-12, 49%. Riboflavin supplemen-
tation alone significantly reduced plasma Hcy, but interventions
were not tested with the other B vitamins (24). Low maternal
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plasma vitamin B-12 has been reported to be associated with
increased risk of very early recurrent abortion (25), neural tube
defects (26), and spina bifida (27).

In summary, poor maternal B-vitamin status may be a major
global cause of homocysteinemia and poor pregnancy outcomes.
It has not been established how homocysteinemia affects preg-
nancy outcome adversely, but proposed mechanisms include:
Hcy increases oxygen free radical concentrations and reduces
nitrous oxide concentrations, leading to endothelial dysfunction
(28); Hcy causes oxidative stress and subsequent placental isch-
emia; Hcy causes an inflammatory response that is cytotoxic to
endothelial cells; B-vitamin deficiencies lead to hypomethyla-
tion of DNA and altered gene expression, and Hcy induces ap-
optosis of endothelial cells (29); birth defects may be caused by
Hcy interference with the N-methyl-D-aspartate receptor system
(30); or Hcy is thrombogenic (31).

OTHER MICRONUTRIENTS IN PREGNANCY

The potential adverse effect of poor vitamin A status on preg-
nancy outcome was demonstrated in an intervention study in a
region on Nepal with endemic vitamin A deficiency (32). Sup-
plementation of these women with approximately their recom-
mended daily intake of vitamin A reduced maternal mortality by
40%. Supplementation with �-carotene reduced mortality by
49%. The apparent cause of the reduced mortality risk was less
susceptibility to infection. This trial is currently being repeated in
Bangladesh and Ghana. An additional advantage of vitamin A
supplementation of pregnant women is that it can increase he-
moglobin concentrations, by about 10 g/L in marginally deficient
populations (26). The upper limit for retinol supplements is 3000
IU per day based on the potential for higher doses to cause
teratogenic effects. �-carotene supplements have not been re-
ported to increase risk of birth defects.

There has been much debate about the efficacy of zinc sup-
plementation in pregnancy. Maternal zinc status was associated
with birth weight in 17/41 observation studies. In 6/12 trials there
were some benefits (reduction in premature delivery in 3 trials;
higher birth weight in 3 trials; reduction in hypertension in 1
trial). Zinc supplementation of Peruvian women did not affect
fetal dimensions, birth weight, or the incidence of preterm de-
livery (33). However, it did reduce fetal heart rate, and increase
heart rate accelerations and variability, and fetal movements,
which was interpreted to indicate better fetal development (34).
In Bangladesh, maternal supplementation in pregnancy had no
effect on birth weight, but reduced morbidity of low birth weight
infants in the first 6 mo of life (35).

Vitamin D status of pregnant women should be of greater
concern even in industrialized countries such as the United
States. In the National Health and Nutrition Examination Survey
(NHANES) III (1988–1994), 42% of African American women
and 4% of Caucasian–non-Hispanic women in 7 states had low
plasma concentrations of 25-hydroxyvitamin D (36). Low values
were predicted by less intake of fortified breakfast cereals and
milk, season, and no use of vitamin D supplements. Vitamin D
deficiency is becoming increasingly common in adolescents.
Women whose clothing covers a high proportion of their skin, or
whose skin is highly pigmented, are at greater risk of vitamin D
deficiency. Even moderately low plasma 25-hydroxyvitamin D
concentrations observed in Parisian women at the end of winter
were associated with poor fetal and infant skeletal growth and

mineralization, and poor infant tooth mineralization. These bio-
chemical and clinical signs of vitamin D deficiency were pre-
vented by maternal supplementation with the vitamin (37).

Little attention has been paid to the potentially important issue
of antioxidant nutrient status in pregnancy. Oxidative stress
caused by free radicals has been implicated in many studies of the
etiology of preeclampsia (38). Because ascorbic acid and vitamin
E inhibit free radical formation, a double-blind randomized trial
was conducted in 283 women who had either a previous history
of pregnancy complications or an abnormal ultrasound (39). The
supplement provided 1000 mg ascorbic acid and 400 IU vitamin
E daily from week 16–22 of pregnancy, and resulted in a 76%
reduction in preeclampsia, and a 21% reduction in indicators of
endothelial activation and placental dysfunction.

Because even mild maternal iodine deficiency can affect fetal
mental development adversely, adequate iodine status in preg-
nancy is critically important (40). Universal salt iodization has
greatly reduced the prevalence of iodine deficiency worldwide
but for various reasons, intakes of iodine are often still inade-
quate. Pregnancy tends to increase the appearance of clinical and
biochemical symptoms of iodine deficiency in women with mar-
ginal iodine status, resulting in abnormal thyroid hormone con-
centrations in countries such as Belgium (40). Indeed, a recent
review of the need for iodine supplementation found that the
majority of women in Europe are iodine deficient during preg-
nancy but that many prenatal micronutrient supplements did not
include iodine (41). In a recent national survey in the United
States, 7% of pregnant women and 15% of women of child-
bearing age had low urinary iodine (42). Although signs of iodine
deficiency are rare in the United States, it may be important for
pregnant women who do not purchase iodized salt to ensure that
their multiple micronutrient supplements contain iodine, but
there is little specific information on this question.

MICRONUTRIENTS IN LACTATION

Exclusive breast-feeding is now recommended by all interna-
tional agencies for the first 6 mo of life, because of the docu-
mented benefits of this feeding strategy for infant health and
survival. While agencies such as the WHO emphasize the im-
portance of paying attention to the nutritional status of the lac-
tating woman (43), this is rarely done in practice. Maternal mi-
cronutrient deficiencies during lactation can cause a major
reduction in the concentration of some of these nutrients in breast
milk, with subsequent infant depletion (44). Based on a catego-
rization of the relation between maternal status or intake of each
nutrient and its effect on the nutrient concentration in breast milk,
“priority” nutrients for lactating women include thiamin, ribo-
flavin, vitamins B-6 and B-12, vitamin A, and iodine (45). This
based on the fact that low maternal intake or stores reduces the
amount of these nutrients in breast milk, and maternal supple-
mentation can reverse this problem.

Our current understanding of vitamin B-12 deficiency in the
perinatal period illustrates the continuum of micronutrient defi-
ciency depletion. Recent data show a strong association between
maternal and infant plasma vitamin B-12 concentrations at de-
livery indicating that maternal B-12 status in pregnancy affects
infant status at birth (46). Poor maternal intake in lactation can
lead to further infant depletion due to the low secretion of vitamin
B-12 in breast milk. For example, 62% of rural Mexican women
had low concentrations of vitamin B-12 in breast milk at 6 to 8 mo
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of lactation (47). In peri-urban Guatemala City, 31% of breast
milk samples were low in vitamin B-12 at 3 mo postpartum (48),
and 62% of infants in the same community had deficient or low
vitamin B-12 concentrations in plasma at age 7 to12 mo (49). The
vitamin B-12 status of these infants was inversely related to the
amount of breast milk that they consumed, because those who
consumed less breast milk consumed more cow’s milk, which
contains about 10 times more vitamin B-12 than even the breast
milk of well-nourished women. Less information is available on
other B-vitamins in lactation but evidence from various studies
indicates that deficiencies are prevalent in some regions of the
world resulting in low breast milk concentrations and inadequate
infant intakes (44). Breast milk iodine concentrations are very
sensitive to maternal status (50) although little is known about
how improving maternal status during lactation might improve
infant development; providing a high dose of iodine directly to
Indonesian infants aged 6 wk reduced mortality substantially
during the subsequent 4 mo (51).

The situation with vitamin A status in lactation is slightly
different. Infants’ liver stores of vitamin A at birth are very small
even in well-nourished populations, so they are greatly depen-
dent on dietary intake of the vitamin. Breast milk is a good source
of vitamin A and clinical vitamin A deficiency is rare in breast-
fed infants during their first year of life, even in poor populations.
The normal concentration of retinol in breast milk is about 485
�g/L but in areas of endemic vitamin A deficiency the concen-
trations can fall below 300 �g/L, and many infants become
depleted. To prevent this situation, high dose supplements of
vitamin A are provided to mothers postpartum and to infants as
part of the Expanded Program in Immunization (EPI) (52). Main-
taining an adequate daily supply of vitamin A in breast milk
sustains infant vitamin A status better than the sporadic admin-
istration of high dose vitamin A supplements, because liver
stores of the latter are typically depleted between EPI visits (53).

In contrast to B vitamins, vitamin A, and iodine, the iron
content of breast milk is not affected by maternal nutritional
status. The iron content of breast milk is not sufficient to maintain
infant iron stores during the first year of life, but providing
maternal iron supplements during lactation cannot rectify this
situation. The general recommendation is therefore to provide
iron supplements to infants after 6 mo of age, and after 2 mo of

age in the event of preterm delivery and/or low birth weight.
Concern has been raised about whether iron supplementation of
infants and young children increases morbidity and mortality
from infections, especially for those who are not iron deficient.
Nonanemic infants who were supplemented with iron in either
Sweden or Honduras had significantly more diarrheal events
than a placebo group (54). Erythropoietic response to iron may be
immature in young infants (55), and they may be especially
sensitive to free radical formation and oxidative stress induced by
iron supplements (56, 57). It may therefore be safer to provide
iron to infants in foods, including fortified foods, and only if they
are iron deficient or live in areas with a high prevalence of iron
deficiency anemia.

In a recent review we summarized the available data on how
maternal depletion affects the infant’s intake of micronutrients in
breast milk (44). In general, infants will consume only about half
of their recommended Adequate Intake (AI) of the “priority”
micronutrients if their mother is depleted (Table 1).

PROVISION OF MICRONUTRIENTS TO PREGNANT
AND LACTATING WOMEN

There are 3 main strategies for increasing maternal intake of
multiple micronutrients. The first is to improve dietary quality,
which in many situations might require increasing consumption
of animal source foods, fruits, and vegetables. A number of
studies have reported an association between poor maternal diet
and a greater risk of pregnancy complications (58). Also, the
relatively few adequately designed intervention studies show
that provision of micronutrient-rich foods can improve preg-
nancy outcome (59, 60). In some situations well-designed nutri-
tion education programs can improve dietary quality and preg-
nancy outcome (61).

An easier and more common approach is to provide multiple
micronutrient supplements to women on their first clinic visit.
The efficacy of this approach to improving pregnancy outcome
has not been studied adequately. In an observational study of
low-income pregnant adolescents in New Jersey, pregnancy out-
comes of those who used supplements was compared with those
who did not (62). For women who started taking supplements in
their first trimester, there was a substantial reduction in preterm,

TABLE 1
Estimated percent of Adequate Intake (AI) consumed by exclusively breastfed infants in developing countries, based on reported milk nutrient
concentrations1

AI 0–6 mo2
Milk value on

which AI based3

Possible milk
value in deficient

women4
Estimated intake
by EBF infant5 % AI

Thiamin (mg) 0.2 0.21 mg/L 0.16 mg/L 0.12 mg 60
Riboflavin (mg) 0.3 0.35 mg/L 0.21 mg/L 0.16 mg 53
B6 (mg) 0.1 0.13 mg/L 0.10 mg/L 0.08 80
B12 (�g) 0.4 0.42 �g/L 0.13–0.36 �g/L 0.10–0.28 �g 25–55
Vitamin A (�g RE) 400 485 �g/L 290 �g/L 226 �g 56
Vitamin C (mg) 40 50 mg/L 25 mg/L 20 mg 50
Iodine (ug) 110 146 ug/L 9–32 ug/L 7–25 ug 6–23
Selenium (�g) 15 18 �g/L 10 �g/L 7.8 �g 52

1 From Allen & Graham (43).
2 Adequate Intake value from the Institute of Medicine’s Dietary Reference Intakes, based on an assumed breast milk volume of 780 mL/d.
3 Concentration in breast milk of well-nourished women.
4 Based on reported breast milk concentrations in undernourished women in developing countries (43).
5 Based on breast milk concentration in column 5 and assumed breast milk volume of 780 mL/d.
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very preterm, low birth weight and very low birth weight deliv-
eries. If supplements were started in the second trimester, a sim-
ilar pattern of response was observed, although reduction in
complications was somewhat less substantial. In one of the
better-known studies of the effects of folic acid supplementation
on recurrence of neural tube defects, one arm of the study pro-
vided 12 vitamins including folic acid, 4 minerals and 3 trace
elements, while the other arm provided only 3 trace elements.
The supplement that contained most micronutrients reduced neu-
ral tube defects by 90%, and birth defects by 50%, compared with
the trace element supplement (63). Women in this group also had
less pregnancy complications and morning sickness. When the
micronutrients were consumed before pregnancy, menstrual pe-
riods were more regular, time to conception was shorter, and the
rate of conception was increased by 7%. Two more recent studies
compared the benefits of providing multiple micronutrients in-
cluding iron compared with iron alone. In Mexico (64, 65) and
Nepal (66) multiple micronutrient supplements provided 100–
150% of the RDA of 15 vitamins and minerals from around 13 wk
of gestation. The supplements containing multiple micronutri-
ents were no more effective than iron in improving maternal
hemoglobin at 1 mo postpartum, birth weight or gestational age,
or (only studied in Nepal) mortality of the infant in the first 6 mo
of life. In contrast, multiple micronutrient supplementation of
HIV positive pregnant women in Tanzania reduced low birth
weight by 44%, preterm delivery by 39%, and IUGR by 43%
(67). Although multiple micronutrient supplementation is theo-
retically preferable to supplementation with iron and folic acid
alone, especially in developing countries where multiple defi-
ciencies are prevalent, more data needs to be collected to deter-
mine the advantages of different multiple micronutrient formu-
lations for pregnant and lactating women.

CONCLUSION

Even in some industrialized countries there is strong evidence
for the benefits of maternal supplementation with iron, folic acid,
and vitamin D and at least in Europe, iodine. There is also some
evidence that high quality diets and or multiple micronutrient
supplements are beneficial for pregnant women even in indus-
trialized countries. The reasons for inconsistent beneficial effects
in the multiple micronutrient trials in developing countries is not
yet clear. More efficacy trials are needed to test the benefits of
neglected nutrients, such as B-vitamins, in both industrialized
and developing countries.

Ideally, micronutrient deficiencies should be prevented or
treated before a woman becomes pregnant. This will improve
fertility and maternal health. To maximize the reduction of birth
defects it is important to prevent maternal micronutrient defi-
ciencies in the periconceptional period, but about 50% of preg-
nancies are unplanned even in the United States and entry to
healthcare may be late. Early prevention of B-vitamin deficien-
cies may also be important to prevent homocysteinemia and iron
depletion throughout pregnancy, and to prevent preterm deliv-
ery, which is programmed by the middle of gestation. A theoret-
ically reasonable approach to test would be the efficacy of giving
multiple micronutrient supplements once or twice a week to
women capable of becoming pregnant and then possibly more
frequently during pregnancy.

Finally, because micronutrient status of the lactating woman is
critical for the secretion of adequate micronutrient concentra-
tions in breast milk, and for the micronutrient status of her infant,
more attention should be paid to the micronutrient status of
lactating women. Provision of multiple micronutrient supple-
ments and/or food fortification with micronutrients may be ad-
visable for the majority of lactating women in developing coun-
tries and industrialized countries—not least to prevent their
further depletion through the secretion of large amount of these
micronutrients in breast milk.

The assistance of Dr. Joanne Graham in the preparation of this manuscript
is gratefully acknowledged.

REFERENCES
1. Bothwell TH. Iron requirements in pregnancy and strategies to meet

them. Am J Clin Nutr 2000;72(suppl):257S–64S.
2. Casanueva E, Pfeffer F, Drijanski A, et al. Iron and folate status before

pregnancy and anemia during pregnancy. Ann Nutr Metab 2003;47:
60–3.

3. McLean M, Bisits A, Davies J, et al. Predicting risk of preterm delivery
by second-trimester measurement of maternal plasma corticotropin-
releasing hormone and alpha-fetoprotein concentrations. Am J Obstet
Gynecol 1999;181:207–15.

4. Allen LH. Biological mechanisms that might underlie iron’s effects on
fetal growth and preterm birth. J Nutr 2001;131(suppl):581S–9S.

5. Milman N, Bergholt T, Byg KE, Eriksen L, Graudal N. Iron status and
iron balance during pregnancy. A critical reappraisal of iron supplemen-
tation. Acta Obstet Gynecol Scand 1999;78:749–57.

6. Rasmussen KM. Is there a causal relationship between iron deficiency or
iron-deficiency anemia and weight at birth, length of gestation and peri-
natal mortality? Iron deficiency anemia. Reexamining the Nature and
Magnitude of the Public Health Problem. Belmont, MD: WHO/ILSI,
2000.

7. Cogswell ME, Parvanta I, Ickes L, Yip R, Brittenham GM. Iron supple-
mentation during pregnancy, anemia, and birth weight: a randomized
controlled trial. Am J Clin Nutr 2003;78:773–81.

8. DePeeS,BloemMW,SariM,KiessL,YipR,KosenS.Thehighprevalence
of low hemoglobin concentration among Indonesian infants aged 3–5
months is related to maternal anemia. J Nutr 2002;132:2215–21.

9. Kaneshige E. Serum ferritin as an assessment of iron stores and other
hematologic parameters during pregnancy. Obstet Gynecol 1981;57:
238–42.

10. Colomer J, Colomer C, Gutierrez D, et al. Anaemia during pregnancy as
a risk factor for infant iron deficiency: report from the Valencia Infant
Anaemia Cohort (VIAC) study. Paediatric and Perinatal Epidemiology
1990;4:196–204.

11. de Benaze C, Galan P, Wainer R, Hercberg S. Prevention of iron defi-
ciency during gestation by early supplementation: a controlled study.
Rev Epidemiol Sante Publ 1989;27:109–19.

12. Preziosi P, Prual A, Galan P, Daouda H, Boureima H, Hercberg S. Effect of
iron supplementation on the iron status of pregnant women: consequences
for newborns [see comments]. Am J Clin Nutr 1997;66:1178–82.

13. Bodnar LM, Scanlon KS, Freedman DS, Siega-Riz AM, Cogswell ME.
High prevalence of postpartum anemia among low-income women in the
United States. Am J Obstet Gynecol 2001;185:438–43.

14. Corwin EJ, Murray-Kolb LE, Beard JL. Low hemoglobin level is a risk
factor for postpartum depression. J Nutr 2003;133:4139–42.

15. Vollset SE, Refsum H, Irgens LM, et al. Plasma total homocysteine,
pregnancy complications, and adverse pregnancy outcomes: the Horda-
land Homocysteine study. Am J Clin Nutr 2000;71:962–8.

16. Murphy MM, Scott JM, Arija V, Molloy AM, Fernandez-Ballart JD. Ma-
ternal homocysteine before conception and throughout pregnancy predicts
fetal homocysteine and birth weight. Clin Chem 2004;50:1406–12.

17. Murphy MM, Scott JM, McPartlin JM, Fernandez-Ballart JD. The
pregnancy-related decrease in fasting plasma homocysteine is not ex-
plained by folic acid supplementation, hemodilution, or a decrease in
albumin in a longitudinal study. Am J Clin Nutr 2002;76:614–9.

18. Allen LH. Folate and vitamin B12 status in the Americas. Nutr Rev
2004;62(suppl):29–33S.

1210S ALLEN

 by on A
ugust 2, 2007 

w
w

w
.ajcn.org

D
ow

nloaded from
 

http://www.ajcn.org


19. Refsum H, Yajnik CS, Gadkari M, et al. Hyperhomocysteinemia and
elevated methylmalonic acid indicate a high prevalence of cobalamin
deficiency in Asian Indians. Am J Clin Nutr 2001;74:233–41.

20. Siekmann JH, Allen LH, Bwibo NO, Demment MW, Murphy SP, Neu-
mann CG. Kenyan school children have multiple micronutrient defi-
ciencies, but increased plasma vitamin B-12 is the only detectable mi-
cronutrient response to meat or milk supplementation. J Nutr 2003;
133(suppl):3972S–80S.

21. Bondevik GT, Schneede J, Refsum H, Lie RT, Ulstein M, Kvale G.
Homocysteine and methylmalonic acid levels in pregnant Nepali
women. Should cobalamin supplementation be considered? Eur J Clin
Nutr 2001;55:856–64.

22. Helman AD, Darnton-Hill I. Vitamin and iron status in new vegetarians.
Am J Clin Nutr 1987;45:785–9.

23. Herrmann W, Schorr H, Purschwitz K, Rassoul F, Richter V. Total
homocysteine, vitamin B(12), and total antioxidant status in vegetarians.
Clin Chem 2001;47:1094–101.

24. Graham J, Pandey P, Haskell M, Shrestha R, Brown K, Allen L. Ribo-
flavin plus iron lowers elevated plasma homocysteine in night-blind
Nepali pregnant women with multiple B-vitamin deficiencies. FASEB J.
2004;18:A510 (abstr).

25. Reznikoff-Etievant MF, Zittoun J, Vaylet C, Pernet P, Milliez J. Low
Vitamin B(12) level as a risk factor for very early recurrent abortion. Eur
J Obstet Gynecol Reprod Biol 2002;104:156–9.

26. Suharno D, West CE, Muhilal, Karyadi D, Hautvast JG. Supplementa-
tion with vitamin A and iron for nutritional anaemia in pregnant women
in West Java, Indonesia. Lancet 1993;342:1325–8.

27. Groenen PM, van Rooij IA, Peer PG, Gooskens RH, Zielhuis GA,
Steegers-Theunissen RP. Marginal maternal vitamin B12 status in-
creases the risk of offspring with spina bifida. Am J Obstet Gynecol
2004;191:11–7.

28. Var A, Yildirim Y, Onur E, et al. Endothelial dysfunction in preeclamp-
sia. Increased homocysteine and decreased nitric oxide levels. Gynecol
Obstet Invest 2003;56:221–4.

29. Di Simone N, Maggiano N, Caliandro D, et al. Homocysteine induces
trophoblast cell death with apoptotic features. Biol Reprod 2003;69:
1129–34.

30. Rosenquist TH, Finnell RH. Genes, folate and homocysteine in embry-
onic development. Proc Nutr Soc 2001;60:53–61.

31. Holmes VA. Changes in haemostasis during normal pregnancy: does
homocysteine play a role in maintaining homeostasis? Proc Nutr Soc
2003;62:479–93.

32. West KP, Jr., Katz J, Khatry SK, et al. Double blind, cluster randomised
trial of low dose supplementation with vitamin A or beta carotene on
mortality related to pregnancy in Nepal. The NNIPS-2 Study Group.
BMJ 1999;318:570–5.

33. Caulfield LE, Zavaleta N, Figueroa A, Leon Z. Maternal zinc supple-
mentation does not affect size at birth or pregnancy duration in Peru. J
Nutr 1999;129:1563–8.

34. Merialdi M, Caulfield LE, Zavaleta N, Figueroa A, Dominici F, Dipietro
JA. Randomized controlled trial of prenatal zinc supplementation and
the development of fetal heart rate. Am J Obstet Gynecol 2004;190:
1106–12.

35. Osendarp SJ, van Raaij JM, Darmstadt GL, Baqui AH, Hautvast JG,
Fuchs GJ. Zinc supplementation during pregnancy and effects on growth
and morbidity in low birthweight infants: a randomised placebo con-
trolled trial. Lancet 2001;357:1080–5.

36. Nesby-O’Dell S, Scanlon KS, Cogswell ME, et al. Hypovitaminosis D
prevalence and determinants among African American and white
women of reproductive age: third National Health and Nutrition Exam-
ination Survey, 1988–1994. Am J Clin Nutr 2002;76:187–92.

37. Zeghoud F, Vervel C, Guillozo H, Walrant-Debray O, Boutignon H,
Garabédian M. Subclinical vitamin D deficiency in neonates: defi-
nition and response to vitamin D supplements. Am J Clin Nutr 1997;
65:771– 8.

38. Roberts JM, Hubel CA. Oxidative stress in preeclampsia. Am J Obstet
Gynecol 2004;190:1177–8.

39. Chappell LC, Seed PT, Briley AL, et al. Effect of antioxidants on the
occurrence of pre-eclampsia in women at increased risk: a randomised
trial. Lancet 1999;354:810–6.

40. Delange F, Wolff P, Gnat D, Dramaix M, Pilchen M, Vertongen F. Iodine
deficiency during infancy and early childhood in Belgium: does it pose
a risk to brain development? Eur J Pediatr 2001;160:251–4.

41. Zimmermann M, Delange F. Iodine supplementation of pregnant women
in Europe: a review and recommendations. Eur J Clin Nutr 2004;58:
979–84.

42. Hollowell JG, Staehling NW, Hannon WH, et al. Iodine nutrition in the
United States. Trends and public health implications: iodine excretion data
from National Health and Nutrition Examination Surveys I and III (1971–
1974 and 1988–1994). J Clin Endocrinol Metab 1998;83:3401–8.

43. Organization WH. The Optimal Duration of Exclusive Breastfeeding.
Report of an Expert Consultation. WHO/NHD/01.09. Geneva: WHO,
2001.

44. Allen LH, Graham JM. Assuring micronutrient adequacy in the diets of
young infants. In: Delange FM, West KPJ, eds. Micronutrient deficien-
cies in the first six months of life. Basel: Vevey/S. Karger AG, 2003;
55–88.

45. Allen LH. Maternal micronutrient malnutrition: effects on breast milk
and infant nutrition, and priorities for intervention. SCN News 1994;11:
21–4.

46. Bjorke Monsen AL, Ueland PM, Vollset SE, et al. Determinants of
cobalamin status in newborns. Pediatrics 2001;108:624–30.

47. Black AK, Allen LH, Pelto GH, de Mata MP, Chavez A. Iron, vitamin
B-12 and folate status in Mexico: associated factors in men and women
and during pregnancy and lactation. J Nutr 1994;124:1179–88.

48. Casterline JE, Allen LH, Ruel MT. Vitamin B-12 deficiency is very
prevalent in lactating Guatemalan women and their infants at three
months postpartum. J Nutr 1997;127:1966–72.

49. Anaya M, Allen LH, Begin F, Peerson JM, Torun B, Brown KH. The
high prevalence of vitamin B-12 deficiency in Guatemalan infants is
associated with a higher intake of breast milk, and with poor quality
complementary foods. FASEB J 2004;18:A844 (abstr).

50. Semba RD, Delange F. Iodine in human milk: perspectives for infant
health. Nutr Rev 2001;59:269–78.

51. Cobra C, Muhilal, Rusmil K, et al. Infant survival is improved by oral
iodine supplementation. J Nutr 1997;127:574–8.

52. Sommer A, Davidson FR. Assessment and control of vitamin A defi-
ciency: the Annecy Accords. J Nutr 2002;132(suppl):2845S–50S.

53. Allen LH, Haskell M. Estimating the potential for vitamin A toxicity in
women and young children. J Nutr 2002;132(suppl):2907S–19S.

54. Dewey KG, Domellof M, Cohen RJ, Landa Rivera L, Hernell O, Lon-
nerdal B. Iron supplementation affects growth and morbidity of breast-
fed infants: results of a randomized trial in Sweden and Honduras. J Nutr
2002;132:3249–55.

55. Domellof M, Dewey KG, Lonnerdal B, Cohen RJ, Hernell O. The di-
agnostic criteria for iron deficiency in infants should be reevaluated. J
Nutr 2002;132:3680–6.

56. Doherty CP, Weaver LT, Prentice AM. Micronutrient supplementation
and infection: a double-edged sword? J Pediatr Gastroenterol Nutr 2002;
34:346–52.

57. Walter PB, Knutson MD, Paler-Martinez A, et al. Iron deficiency and
iron excess damage mitochondria and mitochondrial DNA in rats. Proc
Natl Acad Sci USA 2002;99:2264–9.

58. Keen CL, Clegg MS, Hanna LA, et al. The plausibility of micronutrient
deficiencies being a significant contributing factor to the occurrence of
pregnancy complications. J Nutr 2003;133:1597S–1605S.

59. Laurence K, Campbell H, James N. The role of improvement in the
maternal diet and pre-conceptional folic acid supplementation in the
prevention of neural tube defects. In: Dobbing J, ed. Prevention of spina
bifida and other neural tube defects. New York: Academic Press, 1983;
85–125.

60. Fall CH, Yajnik CS, Rao S, Davies AA, Brown N, Farrant HJ. Micro-
nutrients and fetal growth. J Nutr 2003;133(suppl):1747S–56S.

61. Long VA, Martin T, Janson-Sand C. The great beginnings program:
impact of a nutrition curriculum on nutrition knowledge, diet quality, and
birth outcomes in pregnant and parenting teens. J Am Diet Assoc 2002;
102(suppl):86S–9S.

62. Scholl TO, Hediger ML, Bendich A, Schall JI, Smith WK, Krueger PM.
Use of multivitamin/mineral prenatal supplements: influence on the
outcome of pregnancy. Am J Epidemiol 1997;146:134–41.

MULTIPLE MICRONUTRIENTS IN PREGNANCY AND LACTATION 1211S

 by on A
ugust 2, 2007 

w
w

w
.ajcn.org

D
ow

nloaded from
 

http://www.ajcn.org


63. Czeizel AE. Periconceptional folic acid containing multivitamin sup-
plementation. Eur J Obstet Gynecol Reprod Biol 1998;78:151–61.

64. Ramakrishnan U, Neufeld LM, Gonzalez-Cossio T, et al. Multiple mi-
cronutrient supplements during pregnancy do not reduce anemia or im-
prove iron status compared to iron-only supplements in semirural Mex-
ico. J Nutr 2004;134:898–903.

65. Ramakrishnan U, Gonzalez-Cossio T, Neufeld LM, Rivera J, Martorell
R. Multiple micronutrient supplementation during pregnancy does not
lead to greater infant birth size than does iron-only supplementation: a

randomized controlled trial in a semirural community in Mexico. Am J
Clin Nutr 2003;77:720–5.

66. Christian P, Khatry SK, Katz J, et al. Effects of alternative maternal
micronutrient supplements on low birth weight in rural Nepal: double
blind randomised community trial. BMJ 2003;326:571–6.

67. Fawzi WW, Msamanga GI, Spiegelman D, et al. Randomised trial of
effects of vitamin supplements on pregnancy outcomes and T cell
counts in HIV-1-infected women in Tanzania. Lancet 1998;
351:1477– 82.

1212S ALLEN

 by on A
ugust 2, 2007 

w
w

w
.ajcn.org

D
ow

nloaded from
 

http://www.ajcn.org

